C ontemporary cardiac intensive care units (CICU) have evolved into intensive care units for patients with a primary cardiovascular diagnosis. 1, 2 In response to this changing clinical environment, the American Heart Association (AHA) published a scientific statement advocating for organizational, staffing, and educational evolution in CICUs. 3 The AHA statement also provided a roadmap for the future of acute cardiovascular care delivery, which included (1) CICU care delivery in advanced units with unit-based physician staffing (historically referred to as closed units), (2) dedicated cardiac intensivist training, and (3) a descriptive 3-tiered CICU categorization. 3 Herein, we describe the current organizational structures, professional staffing, and medical and technological resources available in CICUs in the United States.
Methods and Results
A 16-question cross-sectional web-based survey (Methods in the Data Supplement; Qualtrics platform; Provo, UT) was first emailed to 542 Mission: Lifeline hospital coordinators with a request for the survey to be completed with help from the hospital's CICU medical director or unit manager between October 2015 and April 2016. Figure  B) , and only 8.2% of all centers had dedicated CICUs. There was joint physician leadership by a cardiologist and an intensivist in 34.8% of units, followed by general intensivists (25.9%) and cardiologists (19.3%). Dual-boarded cardiologist-intensivists were physician leaders in 8.5% of CICUs and practicing in 14.7% of units. A dedicated cardiac critical care training program was available in 33 (6.5%) centers. There were no differences between Mission: Lifeline and Acute Coronary Treatment and Intervention Outcomes Network Registry-Get with the Guidelines respondents ( Table II in 
Differences by Hospital Type and CICU Population
Academic medical centers more frequently had a closed unit staffing model (37.4%), dedicated CICUs (23.6%; Table I in the Data Supplement), medical leadership by a cardiologist (32.3%) or dualboarded cardiologist-intensivist (14.1%), an attending cardiologist-intensivist (25.3%), and plans to hire a cardiologist-intensivist (18.3%) compared with tertiary nonacademic and community hospitals. Trainee education (95.8%) and critical care cardiology subspecialty training programs (24.2%) were also more prevalent in academic centers.
Differences between dedicated CICUs and mixed population intensive care units are provided in Figure I in the Data Supplement and Table IV in the Data Supplement. Compared with mixed units, dedicated CICUs more frequently were at academic centers; had closed staffing models, cardiology medical leadership, and plans to hire a US CICU Survey cardiologist-intensivist; and had established critical care cardiology subspecialty training programs.
CICU Categorization
Only 11.3% of respondents were aware of the AHA position paper on transformation of CICU medical staffing and training models; among whom, 52.7% felt their unit currently met level 1 standards. The prevalence of recommended level 1 CICU therapeutic technologies, staffing, and education initiatives is presented in Table  III in the Data Supplement. Overall, only 10.8% of units met level 1 criteria, including 26.1% of academic, 18.3% of tertiary nonacademic, and 3.9% of community sites. In a sensitivity analysis that included cardiologists with ≥10 years of intensive care unit focus as part of the medical leadership, the percentage of overall and academic units that met level 1 criteria rose to 13.2% and 34.8%, respectively.
Comment
In medical and surgical intensive care, a meta-analysis of nonrandomized trials reported that high intensity staffing, defined as either mandatory intensivist consultation or closed units with all care primarily directed by an intensivist, was associated with reduced intensive care unit mortality. 4 It is important to recognize the limitations of the studies within this meta-analysis, which included small sample sizes, noncontemporary cohorts, and nonrandomized design. However, based on the consistency of published evidence, the AHA and other national CICU practice statements recommend unitbased staffing models of CICU care delivery, wherein a single dedicated physician maintains primary responsibility for all patients in the unit, as the preferred approach for advanced 
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CICUs. 3, 5, 6 A recent single-center Korean study reported that a transition from an open to a closed model was associated with a reduction in mortality; however, the organizational change also included a staffing shift from general cardiologists to cardiologist-intensivists. 7 In this survey, we observed that 74% of hospitals had open staffing models. This proportion is substantially lower than the 55% closed CICU unit structure reported by O'Malley et al 8 in a survey of 123 CICUs. We think this difference is likely largely because of differences in hospital mix; 78% of responders were from an academic center in the O'Malley et al's study. 8 In this study, the relatively low prevalence of best-practice unit-based physician staffing in CICUs suggests a potential opportunity to improve care delivery and patient outcomes. However, as recognized in the AHA scientific statement, such efforts to improve care at hospital and systems levels must take into account the diversity of needs and resources across varied settings and should recognize that the organization and staffing of the CICU likely should be individualized to the care system. 3 The European Society of Cardiology was the first organization to advocate advanced training in general intensive care among CICU practitioners followed by the AHA's scientific statement on the evolution of critical care cardiology, and the American College of Cardiology's Core Training Statement-4, which outlined critical care cardiology training levels, but the proportion of hospitals with dual-trained practitioners has remained unclear. 3, 5, 9 A 2012 American and a 2014 Canadian survey reported that 4% and 6.8% of centers, respectively, had an attending cardiologist-intensivist. 3, 6 Although the number of centers (14.7%) in our report exceeds these historical reports, the overall results may belie the impact the above-mentioned scientific and training statements have had on academic medical centers where 25% of CICUs had a dual-trained attending and 18% were planning to hire or recruit a dual-boarded physician. In addition, nearly one quarter of academic centers self-reported a critical care cardiology training program, and an additional 9.5% were contemplating or in the process of establishing a program. Taken together, our results suggest a potential early national shift in CICU staffing and hiring practices along with an increase in dedicated critical care training pathways in development. Follow-up studies are necessary to accurately evaluate temporal trends, determine the optimal balance between training capacity and workforce needs, and to evaluate whether training cardiology graduates to manage the growing complexity of noncardiovascular disease in contemporary CICUs can improve patient outcomes. The Discussion in the Data Supplement provides a commentary on the percentage of centers that met level 1 criteria and study limitations.
Conclusions
In a cross-sectional survey of CICUs in the United States, we observed that <10% of units had dedicated CICU populations, and the majority of units had an open staffing model. Only 10.8% of centers currently have the on-site resources, leadership, and staffing that meet level 1 CICU criteria. These results highlight that CICU administrators should assess the patient care needs within their communities and regions with the goal of potentially redesigning and improving care delivery. In academic centers, cardiologist-intensivists attending in the CICU and critical care training programs were high compared with historical studies and may signal a transition in national CICU staffing and training in academic centers.
